Background: The prevention and rehabilitation of multisite musculoskeletal pain would benefit from studies aiming to understand its underlying mechanism. Autonomic imbalance is a suggested mechanism for multisite pain, but hardly been studied during normal daily living. Therefore, the aim of the study is to investigate the association between multisite musculoskeletal pain and cardiac autonomic modulation during work, leisure and sleep. Methods: This study is based on data from the "Danish Physical activity cohort with objective measurements" among 568 blue-collar workers. Pain intensity scales were dichotomized according to the median of each scale, and the number of pain sites was calculated. No site was regarded as the pain-free, one site was considered as single-site musculoskeletal pain and pain in two or more sites was regarded as multisite musculoskeletal pain. Heart rate variability (HRV) was measured by an electrocardiogram system (ActiHeart) and physical activity using accelerometers (Actigraph). Crude and adjusted linear mixed models were applied to investigate the association between groups and cardiac autonomic regulation during work, leisure and sleep.
Background
Chronic musculoskeletal pain has high prevalence and large consequences for the society [12, 34] . Although most studies focus on pain localized in a particular body region (single-site pain), such as low back pain or neck/ shoulder pain [41] , musculoskeletal pain usually occurs concurrently in several anatomical sites [4, 7] . This condition is called multisite pain [31] and has been shown to be associated with increased healthcare utilization, sick leave, early retirement, sickness and social welfare benefit [11, 13, 17] .
In contrast to single-site pain, which is considered to be due to overload or insufficient use of a particular body region [7] , multisite pain may be driven by more generalized mechanisms, such as an imbalance in autonomic cardiac modulation [42] .
Autonomic cardiac modulation can be assessed by heart rate variability (HRV) reflecting parasympathetic and sympathetic regulation of beat-to-beat heart rate. Recent systematic reviews show moderate evidence supporting a decrease in parasympathetic modulation in chronic pain patients [20, 40] . However, we are aware of only one study (the Netherlands Study of Depression and Anxiety -NESDA) investigating the association between multisite musculoskeletal pain and HRV, finding no relationship between HRV and pain onset [14] or recovery [15] . However, more studies on the association between multisite musculoskeletal pain and HRV are required before any conclusion can be drawn.
For better prevention and rehabilitation of multisite musculoskeletal pain, it is important to understand the underlying mechanism [8] , e.g., if it is related to an imbalanced autonomic regulation. It is also relevant to investigate large populations with a wide variation in the number of pain sites, and the variation of autonomic activity throughout daily living (not only artificial conditions). Moreover, because physical activity and body postures influence HRV in ambulatory recordings [2, 5, 33] , it is important to use valid technical information of physical activity and body postures during the measurement of HRV. Also, a previous study of HRV in a working population showed differences between work and leisure time only for the sitting posture [35] . None of the previous studies on multisite musculoskeletal pain and HRV has taken all these factors into account. Thus, the aim of this study was to investigate the association between multisite musculoskeletal pain and cardiac autonomic modulation during work, leisure and sleep, and the interaction between multisite musculoskeletal pain and time domains.
Methods

Study population and exclusion criteria
This is a cross-sectional study based on data from "The Danish Physical activity cohort with objective measurements" (DPhacto) cohort, conducted on blue-collar workers recruited in the cleaning in public and private sector (i.e. hospitals, schools, municipalities, and private firms), manufacturing and production companies in metal, plastic, and food industries, and transportation (i.e. mail, and parcel service companies). The recruitment was performed in collaboration with a labor union and the data were collected between 2012 and 2013. The inclusion criteria were: to be allowed to participate during the paid working time, to be employed for more than 20 h per week and being between 18 and 65 years. Exclusion criteria were declining to sign the informed consent, pregnancy, fever on the testing day, and allergy to adhesives.
Among 2107 potentially eligible workers in the DPhacto cohort, objective measurement data from 759 blue-collar workers were available for analysis. Workers having less than 4 h of valid HRV recordings during work, leisure and sleep time (n = 163) and with no information about pain intensity (n = 3) were excluded, resulting in a final sample of 568 blue-collar workers (Fig. 1) . The response rate was 63%. Detailed information about the DPhacto cohort can be found elsewhere [18] .
Multisite musculoskeletal pain
Musculoskeletal pain was assessed by modified questions from the validated Nordic Musculoskeletal Questionnaire [23] with questions on pain intensity in seven anatomical areas (neck/shoulders; elbows; hands/wrists; low back; hips; knees and feet/ankles) during the past three months using a scale from 0 (no pain) to 10 (worst pain). Pain intensity scales were dichotomized from the median, i.e. less than median = 'no pain' , more than median = 'pain' [31] . The cut-off values were 3 points for neck/shoulder and low back, and 0 points for elbows, hands/wrists, hips, knees, feet/ankles. The elbows and hands/wrists were grouped to represent the upper limbs and the hips; knees and feet/ankles represented the lower limbs. The four regions were summed to provide information about the number of pain sites (0 = none to 4 = 4 pain sites). Pain in none of the regions was regarded as 'pain-free' , one pain site was regarded as 'single-site pain' , while the pain in two or more sites was defined as 'multisite musculoskeletal pain'.
Technical measurements of heart rate variability and physical activity HRV was measured by the ActiHeart system (Camntech Ltd., Cambridge, UK) with electrocardiography sensitivity of 0.250 mV. The sensor was attached by a two-led configuration at the recommended position [3] . The analogue signal was band-pass filtered (10-35 Hz), sampled with a frequency of 128 Hz, and processed by a real-time QRS-detection algorithm to achieve a 1 ms time resolution of the RR intervals. Since data was collected during daily living conditions, respiratory rate was not controlled. Abnormal beats were removed using an automatic algorithm before analyzing HRV [22] .
HRV data were analyzed using a robust method [37] from 5-min windows with less than 10% erroneous interbeat intervals (IBI). For time domain, the measures obtained were the standard deviation of R-R intervals (SDNN), which is a measure of overall variability; and the root mean square of successive differences of R-R intervals (RMSSD), a measure of beat-to-beat variability, which is related to the vagal modulation. For frequency domain, the low (LF, 0.04-0.15 Hz) and high frequency (HF, 0.15-0.40 Hz) components were analyzed, as well as the sympathovagal balance (LF/HF ratio). HF indicates the parasympathetic modulation of the cardiac rhythm, while LF is an indicator of both sympathetic and parasympathetic cardiac modulations [26, 28] .
Physical activity and body posture were objectively measured using multiple accelerometers (ActiGraph GT3X+, Actigraph, Florida, USA). The accelerometers were attached to the thigh and upper back for several days, including work, leisure and sleep time. A diary was also filled out by the workers, including information about times getting up in the morning, starting and finishing work, and going to bed, as well as times of the reference position (upright stance) for calibration of the accelerometer records [18] .
Physical activity and HRV data were processed using the Acti4 software (The National Research Centre for the Working Environment, Copenhagen, Denmark and BAuA, Berlin, Germany). The Acti4 software classifies different physical activities (walking, moving, cycling and running) and body postures (sitting, standing, and lying down) with high sensitivity and specificity [36] . The HRV indices obtained during 5-min non-overlap intervals in sitting posture at work and leisure were analyzed, as well as three periods with the lowest R-R intervals during nocturnal sleep without movement [16] .
Assessment of individual and occupational factors
A self-reported questionnaire was administered to the workers including age, gender, alcohol and tobacco use, medication prescription, job seniority, lifting and carrying during work. Height (cm) was measured using a scale (Seca, model 123) and weight (kg) was measured by a digital scale (Tanita model BC 418 MA). Body mass index (BMI) was calculated according to the formulae BMI = weight (kg)/height 2 (m).
Statistical analysis
Groups were compared for the characterization variables using one-way ANOVA Linear mixed models with two fixed factors were applied to verify the association between groups (pain-free, single-site pain, multisite pain), domains (work, leisure, sleep), and interaction of groups and domains. Linear mixed models were chosen because it includes fixed and random effects and increase the study power including in the analysis subjects with missing data. Subject and intercept were included as random effects. The covariance type was unstructured, and the restricted maximum likelihood (REML) estimation method was chosen. When the interaction was significant, the mean difference (MD), standard error (SE) and P value for the pairwise comparison, based on estimated marginal means, were reported.
Crude and adjusted models were tested. In the adjusted model, age, sex, BMI, tobacco use, objectively measured moderate and vigorous physical activity (i.e. fast walking, running, stair climbing and cycling) at work and leisure, and sitting time at work and leisure were included as covariates since these factors may affect both multisite pain and HRV [1, 10, 19, 21, 29, 32] . Sensitivity analyses, excluding workers reporting prescribed medication in the last three months and considering the cut-off point of zero to dichotomize the pain intensity scales, were also performed. Stratified analyses were applied to explore possible effect modification of age (< 50 years; ≥50 years) and sex (male; female). All analyses were performed using SPSS software (version 24.0), and the significance level was set at 1% to control for type I error in multiple comparison tests.
Results
About 44% of the sample was composed of females, the mean age was 45 years and mean BMI was 27 kg/m 2 . About 29% of the workers smoked daily or occasionally; 19% reported to use analgesic medication, 12% antihypertensive, 3% heart medication and 3% antidepressants. Most of the workers were from the manufacturing sector (72%), and 41% reported to carry and lift for at least half of the work time. The prevalence of single-site pain was 23% (CI 95%, 20-27%), and the prevalence of multisite pain was 63% (CI 95%, 58-66%). In both groups, the most affected body parts were knees (single-site pain: 32%; multisite pain: 67%), lower back (single-site pain: 13%; multisite pain: 65%) and neck/shoulder (single-site pain: 15%; multisite pain: 65%).
The three groups were similar in most of the sociodemographic variables, except for a larger proportion of lifting and carrying almost all the time to ¼ of the time in the multisite pain group. Pain intensity, the number of pain sites and the proportion of workers with prescribed analgesic medication were also higher in the multisite pain group compared with the pain-free and single-site pain groups. There were no differences between the groups for the other types of medication (Table 1) . Table 2 shows the mean and interquartile range for the HRV indices during work, leisure and sleep time for each group. The between groups comparison showed similar values for all indices during work, leisure and sleep time.
The results from the linear mixed models showed no significant differences between groups and no significant interaction between groups and domains in the crude or adjusted models for any HRV index (Table 3 ). Significant differences between domains were found in the crude and adjusted model for all indices, except SDNN; sleep time showed higher values than leisure and work time, except for LF and LF/HF, which were higher during work.
The sensitivity analysis, excluding workers with prescribed medication in the last three months (n = 234), showed no significant differences between groups and significant differences among domains for all indices in the crude and adjusted model, except for SDNN. The interaction between groups and domains was not significant for all indices. When using a more restrictive definition of a pain-free group, i.e., including in the pain-free group workers reporting no pain in all body parts (cut-off point = 0), the sensitivity analysis also showed no significant differences between groups, significant differences between domains (except for SDNN) and no significant interaction between groups and domains for all indices (Additional file 1: Table S1 ). The same results were found in the stratified analyses for age (Additional file 1: Table S2 ) and sex (Additional file 1: Table S3 ).
Discussion
This cross-sectional study showed no association between multisite musculoskeletal pain and cardiac autonomic modulation during work, leisure and sleep.
Previous systematic reviews indicated that chronic pain is associated with a decrease in parasympathetic modulation [20, 40] . However, in agreement with our findings, Generaal et al. [14, 15] showed that autonomic cardiac modulation was not impaired with chronic multisite pain. One possible explanation for this divergence between the systematic reviews and the MSP studies could be that the results from the systematic reviews showing an autonomic imbalance in chronic pain are mainly based on studies with fibromyalgia patients. So, the autonomic imbalance involved in the pathophysiology of fibromyalgia [27] does not necessarily extend to active workers with multisite pain.
Another possible explanation for our findings can be related to the study population and data collection conditions. Most studies are based on patient samples evaluated in artificial conditions which can differ from active workers concerning physical, cognitive and psychosocial characteristics. Thus, it is possible that people with pain who is still at work are healthier, more physically active and have better coping mechanisms with their pain compared to clinical samples with pain [9, 24] , which may be reflected in better autonomic function throughout daily living conditions, including work, leisure and sleep time. It is still possible that there are sub-groups of people with other features of multisite pain not captured in our study. Likewise, other factors like sleep disturbance, depressed mood, somatising tendency and psychosocial aspects of work may be involved in chronic multisite pain [6, 38] . These factors were not examined in our study, which is a limitation. Our findings may also suggest publication bias of positive results in previous studies [39] .
The sensitivity analysis for medication yielded the same findings as the main analysis, including workers with prescribed medication. Additionally, the adoption of a more restrictive definition of pain-free resulted in the same findings. Also, stratified analysis on sex and age did not show association between multisite musculoskeletal pain and cardiac autonomic modulation during work, leisure and sleep.
The prevalence of multisite pain was very high in our sample, as it affected 63% of the DPhacto blue-collar workers, with the mean peak pain intensity of 6.9 points on a 0 to 10 scale. This high prevalence may be specific to the study population consisting of blue-collar workers, i.e., it refers to a disadvantaged socioeconomic group. Other studies have also shown a high prevalence of multisite pain in different populations, ranging from 35 to 64% [17, 30] . Although our findings showed that the imbalance of the autonomic modulation was not associated with multisite pain, this issue still deserves [25, 42] . Future studies should have a longitudinal design to verify if the autonomic imbalance precedes the occurrence of multisite pain.
Strengths and limitations
A strength of our study is the large sample size, which allowed for stratified analyses. A further strength was the relatively homogenous group of blue-collar workers, which minimized potential socioeconomic confounding. The control for lifestyle factors such as smoking, physical activity, sitting time, and individual characteristics such as sex, age, and BMI is also highly relevant as these factors are closely related to HRV and pain. A potential limitation is the lack of control for the respiration rate, circadian variation, sleep quality and psychosocial aspects of work. Additionally, we have only looked at HRV during sleep, work and leisure, while there exist several other ways of evaluating autonomic function, such as assessing autonomic reactivity to functional tests (e.g. Valsalva, cold pressor and handgrip tests). Finally, the cross-sectional design of this study does not allow determining whether an autonomic imbalance may occur before the development of multisite pain.
Conclusion
This cross-sectional study showed that multisite musculoskeletal pain is not associated with imbalanced cardiac autonomic regulation during work, leisure and sleep time.
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